To study posterior choroidal thickness and its profile based on location in a healthy Chinese population and to determine its correlation with age and refractive error. METHODS. A total of 210 healthy volunteers (420 eyes) with no ophthalmic disease history were recruited. Choroidal scans were obtained for all eyes using enhanced depth imaging spectral-domain optical coherence tomography. Subfoveal choroidal thickness (SFCT) and choroidal thickness at 1 mm/3 mm temporal, nasal, superior, and inferior to the fovea were measured. RESULTS. The choroid was thickest underneath the fovea (261.93 Ϯ 88.42 m). At 1 mm and 3 mm to the fovea, the choroid temporally was thicker than nasally. Mean SFCT in subjects younger than 60 years of age were 294.63 Ϯ 75.90 m, and no correlation between SFCT and age was noted. Mean SFCT in subjects older than 60 years of age was 196.52 Ϯ 74.42 m, much thinner than that for subjects younger than 60 years of age. A significant negative correlation was found between SFCT and age in subjects older than 60 years of age. CONCLUSIONS. Age is critical for evaluation of choroidal thickness. However, SFCT has no correlation with age in subjects younger than 60 years of age. In subjects older than 60 years of age, SFCT was significantly negatively correlated with age, and decreased by 5.40 m for each year of life. (Invest Ophthalmol Vis Sci. 2011;52:9555-9560)
T he choroid has numerous functions in the eye, with metabolic support of the retinal pigment epithelium (RPE) and the retina being paramount. 1 It contributes a blood supply to the outer retina, including the photoreceptors. Therefore, the choroid is the source of many visionthreatening diseases, such as central serous chorioretinopathy, 2 high myopia-related chorioretinalatrophies, 3 agerelated macular degeneration, 4 and polypoidal choroidal vasculopathy. 5 Accurate in vivo measurement of choroidal thickness has become an essential step in monitoring disease related to the choroid. However, the choroid is a blind area in conventional eye examinations. It is difficult to image its full thickness because the pigment in the RPE and choroid impedes visualization by ophthalmoscopy, fundus photography, and fluorescein angiography. Indocyanine green angiography allows visualization of choroidal vessels, but does not provide crosssectional information. Conventionally, information regarding choroidal thickness in normal eyes has been based on B-scan ultrasonography or histologic results. However, use of B-scan ultrasonography relies on 10-MHz probes, delivers poor resolution, and has difficulty even differentiating the retina from the choroid. 6, 7 Choroidal thickness based on histologic results has been reported to range from 170 to 220 m, which is much thinner than that reported in recent in vivo measurements by spectral-domain optical coherence tomography (SD-OCT). [7] [8] [9] Since the choroid is a highly vascular structure, the thickness varies with the intraocular pressure and perfusion pressure. 10 Fixation of tissue in histologic procedures causes shrinkage; thus, histologic "on slide" results might theoretically underestimate the true thickness of the choroid.
Recent advancements in OCT now enable in vivo and noninvasive characterization of more refined details of the choroid using enhanced depth imaging (EDI) or highpenetration 1060-nm OCT. 7, 8, 11 In the present study, we measured choroidal thickness in 210 healthy Chinese volunteers to determine the normal profile of posterior choroidal thickness and to correlate the choroidal thickness with age and refractive error (RE).
SUBJECTS AND METHODS
This study was conducted in accordance with the tenets of the Declaration of Helsinki. In all, 210 healthy volunteers with no history of eye disorders (mean age, 49.73 Ϯ 17.89 years; range, 20 -85 years) were recruited in this study, including 101 males (mean age, 50.09 Ϯ 19.09 years) and 109 females (mean age, 49.39 Ϯ 16.74 years). Exclusion criteria included high myopia or hyperopia (greater than ϩ6 or Ϫ6 diopters of spherical equivalent RE), any retinal or RPE abnormality detectable with OCT, poor image quality because of unstable fixation, or severe cataract. All volunteers with undilated pupils were examined using an EDI system of multimodality diagnostic imaging (wavelength: 870 nm; scan pattern: enhanced depth imaging; Spectralis HRAϩOCT; Heidelberg Engineering, Heidelberg, Germany). The EDI image was averaged for 100 scans using the automatic averaging and eye tracking system. The choroid thickness was measured from the outer portion of the hyperreflective line corresponding to the RPE to the inner surface of the sclera. Choroidal thickness was measured at the fovea, and 1 mm and 3 mm nasal, temporal, superior, and inferior to the fovea (Fig. 1 ). An autorefractometer (RM-8000B; Topcon, Tokyo, Japan) was used to investigate the refractive state of each volunteer.
The data were analyzed by a commercial analytical software program (SPSS 16.0; SPSS, Inc., Chicago, IL 
RESULTS
No statistically significant differences were noted in age between males and females (P ϭ 0. Table 1 . At 1 mm to the fovea, the temporal and superior thicknesses were significantly greater than the nasal choroidal thickness (P Ͻ 0.01, Table 2 ). At 3 mm to the fovea, the superior choroid was significantly thicker than temporal, inferior, and nasal choroid (P Ͻ 0.001, Table 3 ).
Correlation analysis showed the SFCT is negatively correlated with age (r ϭ Ϫ0.474, P Ͻ 0.001). The mean RE values of all subjects were Ϫ0.87 Ϯ 1.98D. Correlation analysis showed no correlation between SFCT with RE in subjects as a whole (r ϭ 0.026, P ϭ 0.596).
All volunteers were subgrouped into Groups A to F according to their ages. The number and mean SFCT in each subgroup are indicated in Table 4 . No statistically significant differences were found for SFCT among groups A, B, C, and D; however, the SFCT decreased dramatically in Groups E and F, when compared with Groups A to D. Combining the four subgroups A, B, C, and D, which included 140 volunteers younger than 60 years of age, SFCT was 294.63 Ϯ 75.90 m with 95% CI 285.70 -303.56 m, whereas combining the two subgroups E and F, which included 70 relatively elderly subjects older than 60 years of age, SFCT was 196.52 Ϯ 74.42 m, with 95% CI 184.08 -208.96 m (t ϭ 12.568, P Ͻ 0.001). Representative figures for different ages are shown in Figure 2 . No correlation between SFCT and age was observed in the subjects younger than 60 years of age (r ϭ 0.018, P ϭ 0.768), whereas a stronger negative correlation with age in subjects older than 60 years of age (r ϭ Ϫ0.533, P Ͻ 0.001) (Fig. 3) , if compared with subjects as a whole (r ϭ Ϫ0.474, P Ͻ 0.001).
A significant positive correlation with RE was observed in subjects younger than 60 years of age (r ϭ 0.307, P Ͻ 0.001) ( Fig. 4) . In 70 subjects older than 60 years of age, no correlation between SFCT and RE was found (r ϭ 0.074, P ϭ 0.385).
Stepwise analysis was performed to determine which factors-patient age(X 1 ) or RE(X 2 )-were associated with subfoveal choroidal thickness (Ŷ). In subjects younger than 60 years of age,Ŷ ϭ 10.871X 2 ϩ 309.215, R 2 ϭ 0.095, R 2 ad ϭ 0.092, P Ͻ 0.001. In subjects older than 60 years of age, Ŷ Ϫ5.403X 1 ϩ 574.729, R 2 ϭ 0.284, R 2 ad ϭ 0.297, P Ͻ 0.001. Thus, age was the negative factor most associated with choroidal thickness in the population older than 60 years of age (F ϭ 54.857; P Ͻ 0.001). SFCT decreased by 5.40 m for each FIGURE 3. Scatterplot of SFCT and age in healthy subjects older than 60 years of age. Subfoveal choroidal thickness is negatively correlated with age in subjects older than 60 years of age. r ϭ Ϫ0.533, R 2 ϭ 0.284. 
DISCUSSION
The choroid plays a vital role in the pathophysiology of many diseases affecting the retina. Increasingly more studies now show that choroidal abnormalities such as vascular hyperpermeability, vascular loss, and thinning are found to be critical to the onset and progression of retinal diseases. 8 Recent advancements in SD-OCT now provide two ways for determining choroidal thickness: high-penetration OCT using a long-wavelength light source of 1060 nm 8, 12, 13 and the EDI technique developed earlier (Spectralis OCT; Heidelberg Engineering). 8,14 -16 Compared with conventional OCT using an 850-nm source, 17 long-wavelength OCT with a 1060-nm source has a higher penetration and, consequently, increased sensitivity, for the posterior choroid and the sclera, allowing visualization of the chorioscleral interface in eyes. The EDI system developed on SD-OCT also provides more details of the microarchitecture of the posterior choroid. Both methods facilitate an understanding of the choroidal abnormalities underlying various chorioretinal diseases. Ikuno et al. 18 had compared the agreement among these two modalities and showed that the results of choroidal thickness were well correlated.
Several studies have recently characterized normal choroidal thickness in normal subjects. Ikuno and colleagues 8 have shown an approximate SFCT of 354 m in 43 Japanese subjects with a mean age of 39.4 years using a 1060-nmbased light source. At 3 mm to the fovea, the superior, temporal, inferior, and nasal choroid values were 364, 337, 345, and 227 m, respectively. Margolis and Spaide 7 investigated SFCT in 30 normal subjects (mean age, 50.4 years) by an EDI technique and found that the choroid was thickest underneath the fovea (287 m), and thickness decreased rapidly nasally, so that it averaged only 145 m at 3 mm nasal to the fovea. The mean SFCT in the study by Spaide et al. 9 was 318 m in right eyes and 335 m in left eyes in 17 volunteers (mean age, 33.4 years) using an EDI system. Our present study showed that choroidal thickness in 210 healthy subjects with a mean age of 49.73 years was 261.93 Ϯ 88.42 m subfoveally; 224.21 Ϯ 77.94 m, 3 mm temporally; and 142.92 Ϯ 69.70 m, 3 mm nasally; these values were very similar to values reported by Margolis and Spaide 7 using an EDI system. The values in our study were somewhat thinner than those reported previously by Spaide and Ikuno. However, the differences may result from differences in the measuring software or the OCT light source, differences in ethnicity (although Margolis and Spaide 7 and Spaide et al. 9 did not specify their ethnic groups), or differences in patient profiles such as age, RE, or axial length. Notably, the other published studies all used a sample size Ͻ 50, whereas our study recruited 210 healthy volunteers.
Ikuno and colleagues 8 investigated the relation of SFCT and RE, and found there was a borderline significant positive correlation between them (P ϭ 0.086; y ϭ 9.3x ϩ 373.4; R 2 ϭ 0.046), which suggested that SFCT decreased by 9.3 m for each diopter increase of myopia. In our study, no correlation between SFCT with RE was noted when the entire group of subjects was considered (r ϭ 0.026, P ϭ 0.596). The possible reason is that mean age of 43 subjects included in Ikuno's study is 39.4 years old, much younger than ours (49.73 years old). However, a significant positive correlation with RE was found in the subgroup younger than 60 years of age (r ϭ 0.307, P Ͻ 0.001), but not correlated with SFCT in individuals older than 60 years of age (r ϭ 0.074, P ϭ 0.385). SFCT decreased by 10.87 m for each diopter increase of myopia, which is quite similar to that reported by Ikuno and colleagues. 8 In previous studies, increasing age was shown to be significantly correlated with decreasing choroidal thickness. Regression analysis suggested an approximate decrease in thickness of 15.6 m every 10 years by Margolis and Spaide 7 and 14 m by Ikuno and colleagues. 8 Since our present study used a larger sample size (210 volunteers) with wider age ranges (from 20 to 85 years) for accurate analysis, we were able to subgroup volunteers by their ages. Statistical analysis showed that the SFCT in subjects younger than 60 years of age in four subgroups was very similar, as 293.51, 287.87, 299.69, and 297.24 m in subjects 20 -29, 30 -39, 40 -49, and 50 -59 years of age, respectively. In the Combined Group that included 140 volunteers younger than 60 years of age, SFCT was 294.63 Ϯ 75.90 m, whereas in the Combined Group that included 70 subjects older than 60 years of age, SFCT was 196.52 Ϯ 74.42 m, or much thinner than that in the younger group. Stepwise regression analysis confirmed that age was not a significant factor of choroidal thickness in the population younger than 60 years of age. Thus, we suggested that age was the factor most associated with SFCT only in people older than 60 years of age, but not in relatively younger people (younger than 60 years of age).
In our study, we showed a negative correlation between thickness and age in normal subjects older than 60 years of age, which suggested that progressive choroidal thinning occurs over time only in older people. This is a very different finding from that reported in previous studies. The microvascular loss in elderly people may decrease the ability of the choroid to supply proper levels of oxygen and other metabolites to the RPE and outer retina, thus at least partially explaining the mechanisms of age-related macular degeneration. The other factors that affect choroidal thickness remain unknown, so determining them is a high-priority task in future studies.
